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Abstract
Portland cement-based products, primarily concretes, are the world's most
commonly used building materials. However, Portland cement production
is characterized by high energy demands, consumption of non-renewable
prime materials and the emission of greenhouse gases. Alkali-activated
materials (AAMs) constitute a possible alternative to Portland cement due
to lower energy demands, lower polluting gas emissions and the absence of
durability-related technical problems. AAMs is prepared by an alkaline
activator and industrial by products such as slag, fly ash and silica
fume. The purpose of this study is to examine the use of recycled glass in
AAMs production through forming sodium silicate hydrate (waterglass) – a
common alkali activator.

A series of bench-scale glass dissolution reactions were performed using
sodium hydroxide solutions with commercially cleaned and characterized
recycled glass. Reactions were performed at 80oC and continuously stirred
where all glass particles are suspended. Concentration of dissolved silicon
were monitored for every 48 hours for 3 weeks and analyzed using ICP
(Inductively Coupled Plasma). Impact of glass particle size and
concentration of sodium hydroxide were examined. Highest dissolved
silicon concentration was found to be at 70,000 ppm with the finest glass
particle size of around 70 µm using 1M sodium hydroxide.

Results
Experiment 1

Experiment 1 Continued

Methods
Dissolution reactions were carried out in 500 mL-flasks, containing 250 mL
of NaOH solution at four different concentrations (1M, 2M, 4M and 8 M)
and 25 grams of recycled waste glass with three different particle sizes: Ruby
12-20, Ruby-70, and CS-30. Ruby 12-20 was the coarsest particle with a size
range of 0.425 to 1.4 mm with 73.3% passing through US Sieve No. 40
(425µm). Ruby-70 size range of 0.075 to 0.425 mm, with 85.8% passing
through US Sieve No. 40 (425µm). Size range of CS-30 was between 0.21 and
0.425 mm, with an estimated 93% passing through US Sieve No. 40 (425µm).

Duplicate reactors were used for each experiment condition. Flasks were
placed in a hot water bath regulated by a temperature controller (Hake SC
100 by Thermo-Scientific) at 80⁰C while solutions were continuously mixed
through magnetic stirring for one to three weeks. 2 mL samples were taken
every 48 hours. Samples were then micro-centrifuged at 10,000×g for 10
minutes followed by filtration using a 0.45 µm hydrophilic filter. Dissolved
Si concentration in filtered sample were determined by inductively coupled
plasma – optical emission spectrometry (ICP-OES) at two Si specific
wavelength of 251.611 and 252.851. To examine the impact of mixing,
solutions with intermittent mixing of 10 minutes for every 48 hours were
also conducted in an 80°C oven.

Introduction
It’s possible to reduce the overall carbon footprint of the construction
industry around the world which currently stands at roughly 8% of all
CO₂ emissions. An alternative to the extremely high energy intensive
process of generating Portland cement-based products, is alkali-activated
materials (AAMs) which serve as new binders for cements and are
prepared with two components. An industrial waste byproduct such as fly
ash from coal fired power plants and an alkaline activator. The process of
alkaline activation produces a product that has a more condensed
structure than the original reactant, with cement-like properties (TorresCarrasco & Puertas, 2014).
Previous studies have shown that the best alkaline activator for strong
AAMs is a combination of NaOH and sodium silica hydrate or waterglass
(Na₂SiO₂). However, to produce effective waterglass extremely high
temperatures of over 1000 degrees Celsius must be achieved making it a
highly energy intensive endeavor (Brykov & Korneev, 2008). Our research
is aimed at replacing the silica content found in waterglass with recycled
waste glass for the alkaline activation of fly ash.
Recycled waste glass is mainly composed of silica (SiO₂). The optimum
condition found to dissolve recycled waste glass to create soluble silicate is
in an alkaline solution with a pH > 10.7, at a temperature of 80⁰C (TorresCarrasco & Puertas, 2014). Our study explored additional variables that
may affect dissolution including: the consistency of mixing throughout the
course of the reactions, the mesh size of the various glass particles, and the
NaOH concentration.

Conclusions
Experiment 2

Experiment 3

•

The increase in sodium hydroxide concentration had little to no
effect on the increase in silica concentration.

•

Consistent stirring proved to yield much higher silica
concentrations than the intermittent stirring combined with heating
the mixtures in the oven.

•

The particle size of the glass was the biggest differentiating factor in
the effectiveness of dissolution. The finer glass, CS-30, provided
much better results in ppm, doubling the Ruby 12-20 and nearly
having a 25% higher silica concentration than the Ruby-70.

•

If industrialized this could provide a cost-effective and energy
efficient solution to the energy intensive process associated with
Portland cement-based products
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